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(57) ABSTRACT

A method and device for impressing a measuring-signal volt-
age (U) on a power supply network in which a generator
signal (U,,.) is alternately sampled by two sample-and-hold
elements (20, S1, S3), the sampled values are alternately
allocated to a first pulse sequence (P1) and a second pulse
sequence (P2), the pulse sequences (P1, P2) are separately
inductively transmitted and the secondary-side measuring-
signal voltage (U) is formed by adding the induced partial
voltages (U1, U2) together.
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METHOD AND A DEVICE FOR IMPRESSING
A MEASURING-SIGNAL VOLTAGE ON A
POWER SUPPLY NETWORK

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of German
Patent Application No. 10 2011 079 455.7 filed Jul. 20, 2011,
which is fully incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

FIELD OF THE INVENTION

The invention relates to a method for impressing a measur-
ing-signal voltage on a power supply network comprising the
steps of providing a generator signal and inductively trans-
mitting the generator signal into the power supply network.

Furthermore the invention relates to a device for impress-
ing a measuring-signal voltage on a power supply network
comprising a signal generator for providing a generator signal
and a transmitting unit for inductively transmitting the gen-
erator signal into the power supply network.

BACKGROUND OF THE INVENTION

When it comes to ensuring sufficient personal and plant
protection during the operation of electrical power grid sys-
tems the insulation resistance is of special importance. If the
insulation resistance drops below a predefined value protec-
tion against direct or indirect contact with the electrical plant
is diminished; in addition leakage currents may occur leading
to malfunctioning of electrical devices or to a costly interrup-
tion in the operation. Protection against fire is another reason
why plant operators and the insurance industry have an inter-
est in maintaining the plant in perfect technical condition as
regards its insulation resistance.

It is therefore necessary to constantly monitor the insula-
tion resistance in electrical plants. One active measuring pro-
cess for measuring the insulation resistance has proven to be
that of introducing an AC voltage as a measuring signal
because it is easy to couple to the supply network via a
transformer, provided the power supply network is grounded.

However, with processes based on AC voltage measure-
ments, it has to be borne in mind that apart from the insulation
resistance which is regarded as a purely ohmic resistance
component, the capacitive component of the complex-valued
network leakage impedance is another important factor. In
particular in spatially expanded networks the network leak-
age capacity may increase to such an extent that determina-
tion of the insulation resistance would be distorted by capaci-
tive leakage currents. For a predefined measuring (AC-)
voltage these capacitive leakage currents are dependent upon
the capacitive conductance which again increases as the fre-
quency increases. It is therefore desirable, on the one hand, to
keep the measuring frequency as low as possible in order to
counter the high network leakage capacity for expanded line
assemblies, and on the other, minimising the capacitive con-
ductance which increases proportionally with the frequency.

Furthermore, a low measuring frequency leads to a lower
current load on the protective conductor if network leakage
capacities are large. This, in turn, means a reduced load on the
protective conductor from functional requirements thereby
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substantially precluding endangering the protective concept
of'a“protective conductor”. This as well promotes acceptance
of'a new device technology.

Selecting a suitable, i.e. a minimum measuring frequency,
is therefore of special importance. A low measuring fre-
quency of the impressing measuring signal permits monitor-
ing of major grounded power supply networks, and any high-
frequency interferences which may occur, for example from
frequency converters, can be filtered out due to the greater
frequency gap using less expensive filter circuits.

For example it is known from the applicant’s published
patent application DE 103 55 086 Al to determine the insu-
lation resistance by introducing a rectangular-shaped com-
mon mode voltage signal against ground, wherein feeding-in
of the generator signal is preferably effected via a trans-
former. The measuring frequency results from the base fre-
quency contained in the rectangular oscillation over time and
is separated by means of filtering from the other higher-
frequency signal components present in the line network. For
a network frequency of 50 Hz it is proposed to use a measur-
ing frequency of 175 Hz for the generator signal to be fed.

With this method which proposes supplying the generator
signal by means of a transformer it has proved to be disad-
vantageous that there are limits as to how far the measuring
frequency range can be extended towards the low frequencies
by using a transformer. Since the induced voltage on the
secondary side is proportional to the temporal change in
magnetic induction the induced voltage also drops for a
decreasing base frequency of the fed-in signal. In order to
compensate for this decrease in voltage the number of wind-
ings and/or the core cross-section of the transformer could be
increased by the same amount. This, however, would mean
the use of disproportionately more expensive and larger trans-
formers which in addition would be uneconomical with
regard to power requirements. In order to achieve a voltage
amplitude on the secondary side for measuring-signal fre-
quencies, which lie distinctly below 100 Hz and that is suffi-
ciently large for ensuring a reliable use of the process, the
transformers required would be so expensive that correspond-
ing terminal prices for products in line with the market would
not be realistic in the intended user environment. According
to the state of the art and based on economic considerations
the measuring frequency is limited to values above approxi-
mately 100 Hz when using transformers for the signal supply.
In conclusion it can therefore be said that the problem lies not
in generating a low-frequency generator signal on the primary
side, but in inductively transmitting or coupling it in a prod-
uct-specific manner to the current supply network.

SUMMARY OF THE INVENTION

The present invention is therefore based on the requirement
to further develop a method and a device for impressing
measuring-signal voltages on a current supply network such
that a cost-effective impressing of low-frequency measuring
signals is realisable.

This requirement based on a method described herein, is
met in that the generator signal is sampled alternately by two
sampled-and-hold elements, the sampled values are allocated
alternately to a first pulse sequence and a second pulse
sequence, the pulse sequences are separately inductively
transmitted, the secondary-side measuring-signal voltage is
formed by adding the induced partial voltages together.

The principal idea of the present invention is based advan-
tageously on the use of two transformers of a lesser size
instead of only one substantially more expensive and larger
transformer. The two transformers are operated at a much
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higher frequency, preferably in the range from 100 Hz
upwards and into the MHz range and therefore can, according
to the findings based on the induction law, have a reduced core
section, i.e. reduced dimensions for a constant induced volt-
age—which is in keeping with the intended cost reduction. In
order to achieve the desired low-frequency measuring-signal
voltage on the secondary side, a low-frequency generator
signal is initially sampled alternately by two sample-and-hold
elements, wherein the sampling rate lies many times above
the base frequency of the generator signal. To this end the
respectively current voltage values of the generator signal are
tapped alternately by two sample-and-hold elements at equi-
distant time intervals and alternately allocated to a first pulse
sequence and a second pulse sequence. Due to allocating
them alternately two pulse sequences are created which are
time-shifted against each other by the duration of the hold
time, wherein alternately one pulse sequence assumes a value
of zero, whilst the respectively other pulse sequence supplies
a sampled value.

Due to the sample-and-hold circuit, the pulse sequences
consist of rectangular pulses the height of which corresponds
to the respective value of the sampled generator signal. The
pulse sequences are separately inductively transmitted via
two different transformers. Since sampling is effected at a
sampling rate substantially above the base frequency of the
generator signal and the pulse sequences generated from the
sampled values are therefore subject to a much higher rate of
change than the continuous-time generator signal, the trans-
formers are operated at a much higher frequency. This has the
effect, according to the invention, of achieving a higher
induced voltage compared to using the continuous-time gen-
erator signal for driving the transformers directly.

On the secondary side, the measuring-signal voltage is
formed by adding the time-shifted induced (partial) voltages
pulses together in order to be able to use the induced voltage
components of both transmission paths across the entire time
progression. Advantageously a low-frequency generator sig-
nal is thus transmitted by sampling to the secondary side and
it is available there, as required, as a low-frequency measur-
ing signal.

In a further advantageous development, sampling is per-
formed by the sample-and-hold elements at a pulse frequency
of 1,,;5.=1/t,,4s., respectively, wherein the hold time t,,,,
respectively corresponds to half a pulse duration. Selecting
these sampling parameters results in the sampled values of
one pulse sequence having a value of zero, whilst the sampled
values of the respectively other pulse sequence assume the
sampled value of the generator signal. The summed two sig-
nal components according to the invention then supply a
voltage progression over time which approximates the low-
frequency signal voltage step by step and following corre-
sponding low-pass filtering, generates the desired low-fre-
quency measuring voltage on the secondary side.

Advantageously the separate inductive transmission of the
pulse sequences periodically continues over two time peri-
ods, wherein in a first time period coinciding with the hold
time of the first sample-and-hold element the magnetic core
of a first transformer is modulated by a rectangular pulse of
the first pulse sequence present on the primary side, a second
transformer, corresponding to the time-shifted second pulse
sequence does not receive a generator signal and is held at OV
on the primary and the secondary side during degradation of
the stored energy, wherein as a result of the modulation on the
primary side a first partial voltage is formed on the secondary
side of the first transformer. In the second time period imme-
diately following the first time period and coinciding with the
hold time of the second scan-hold element, the magnetic core

20

25

30

40

45

50

55

4

of'asecond transformer is modulated by a rectangular pulse of
the second pulse sequence present on the primary side, the
first transformer, corresponding to the time-shifted first pulse
sequence, does not receive a generator signal and is held at OV
during degradation of the stored energy on both the primary
and the secondary side, wherein as a result of the modulation
on the primary side a second partial voltage is formed on the
secondary side of the second transformer.

In the first period of time, the first transformer is operated
by arectangular pulse whilst the second transformer is advan-
tageously disconnected by suitable circuitry from the genera-
tor, and where due to short-circuiting on the primary and
secondary side a degradation of the stored energy is made
possible. The measuring voltage generated in the power sup-
ply network is formed in this first period of time by the voltage
induced in the secondary winding of the first transformer. In
the second period of time immediately following the first
period of time the second transformer is operated by a rect-
angular pulse, whilst in the first transformer a degradation of
energy takes place during short-circuiting of the windings. In
this second period of time the generated measuring voltage is
formed by the voltage of the second transformer induced in
the secondary winding. This second period of time is imme-
diately followed by further periodically continuing cycles
consisting of first and second time periods.

The generator signal may assume any given signal over
time including a DC-voltage and is, in particular, be a rect-
angular-shaped signal voltage. A rectangular-shaped voltage
over time is easily generated and reflects the signal frequency
of a sinusoidal signal in its base frequency. Filtering circuits
may be used to separate and evaluate this base frequency.

With respect to a device, the requirement is met in that the
transmitting unit for the inductive transmission of the genera-
tor signal for inductively transmitting the generator signal
into the power supply network comprises a primary-side
switching unit for sampling the generator signal and for divid-
ing the sampled values into two pulse sequences time-shifted
against each other, two series-connected transformers on the
output side for the separate inductive transmission of the
pulse sequences and a secondary-side switching unit for add-
ing the time-shifted induced pulse sequences together.

The primary-side switching unit is used, on the one hand,
as a sampling unit for the generator signal, and on the other, to
divide the sampled values into two pulse sequences that are
time-shifted against each other. The two pulse sequences then
advantageously supply two separate transformers.

In order to fulfil the tasks of time discretisation and pulse
sequence generation as well as of degradation of the stored
energy in the magnetic core of the respective transformer, the
primary-side switching unit consists of two switching ele-
ments which connect the primary winding of the respective
transformer alternately with the signal generator and of two
further switching elements which alternately short-circuit the
respective primary winding. Using this circuitry on the pri-
mary side, in the time periods in which one of the two trans-
formers is connected with the generator signal the respec-
tively other transformer is short-circuited and its stored
energy is degraded.

The secondary-side switching unit advantageously con-
sists of a first switching group which connects the induced
voltages of the first transformer to the power supply network
or short-circuits its secondary windings, and a series-con-
nected second switching group which alternately thereto con-
nects the induced voltages of the second transformer to the
power supply network or short-circuits its secondary wind-
ings.
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This implementation of the secondary-side switching unit
causes, when the first switching group is opened, the voltage
of the first transformer induced on the secondary side to be
connected into the grid system, wherein a switching element
is provided for each conductor in the first and second switch-
ing group and, at the same time, when the second switching
group is closed, allows the energy in the second transformer
to be degraded. Thereupon the first switching group is closed
and the second switching group is opened causing energy
degradation in the first transformer and transmission of the
induced voltage in the second transformer into the grid sys-
tem.

In a preferred implementation, the switching elements of
the switching units are implemented as (power) semi-conduc-
tor switching elements. The semi-conductor elements may be
diodes, transistors or thyristors; these are not subject to wear
and are able to process high switching frequencies.

Furthermore, the device comprises a control circuit for the
time control of the primary and secondary switching units.
The control circuit is used to determine the opening and
closing times of the primary-side and secondary-side switch-
ing units thereby allowing sampling, energy degradation and
connection to the grid system to be performed synchronously
for both transmission paths.

In an advantageous design each ofthe two transformers has
a smaller core cross-section than a single transformer gener-
ating the same secondary voltage for a conventional low-
frequency transmission using transformers. Using this design
the device according to the invention allows smaller size
transformers to be used which reduce the cost component of
the transformers and result in market-specific products.

Further advantageous design features result from the
description hereunder and the drawings explaining a pre-
ferred embodiment of the invention by way of examples.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings

FIG. 1 shows one application of the present invention;

FIG. 2 shows a principal construction of the device accord-
ing to the invention;

FIG. 3 shows voltages over time of a sampled sine-shaped
generator signal; and

FIG. 4 shows voltages over time of a sampled rectangular-
shaped generator signal.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 shows a typical application of the method according
to the invention as well as of the device 2 according to the
invention for impressing a measuring-signal voltage U on a
power supply network 4. The power supply network 4 is
implemented as a grounded network 4 with three active con-
ductors .1, .2, .3 and a neutral conductor N. Impressing a
measuring signal takes place between the network supply 6
and the consumer 7Z; shown as a load resistance by means of
the device 2 according to the invention schematically illus-
trated by a signal generator 8 and a common mode trans-
former 10. Filtering and evaluation of the measuring signal
for determining an (ohmic) insulation resistance R .is accom-
plished over by an evaluation unit 12 to which a measuring-
current transformer 14 is connected which captures a residual
current Al occurring in conductors [L1, [.2, .3 and N. A
capacitive component of the complex-valued network leak-
age impedance is shown simplified for each active conductor
by the respective capacity C,,, C,, and C ;.
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FIG. 2 shows the principal construction of device 2 accord-
ing to the invention which is also used to explain how the
method according to the invention is executed. In the sche-
matic drawing a low-frequency generator signal voltage U,,,
is connected via a primary-side switching unit 20 with pri-
mary windings 22, 24 of two transformers 26, 28. On the
secondary side the two transformers 26, 28 each comprise
three windings 30, 31, 32 and 34, 35, 36 connected, respec-
tively, to conductors [.1, .2 and [.3, wherein a secondary-side
switching unit 40 performs the connection of a first and a
second induced partial voltage U,, U,. Impressing of the
measuring-signal voltage U composed of induced partial
voltages U,, U, is executed for all active conductors L1, 1.2,
L3 and neutral conductor N in the same way; in the interest of
simplifying the drawing neutral conductor N is not shown in
FIG. 2.

In detail, the primary-side switching unit 20 consists of
four switching elements S1, S2, S3 and S4, wherein the
switching elements S1 and S3 alternately establish or cancel
the connection between the generator signal U, and the
primary windings 22, 24 of the respective transformer 26, 28
and the switching elements S2 and S4 alternately short-circuit
the respective primary windings 22, 24. The switching ele-
ments S1 and S3 may be understood as realisations of the
sample element of a sampling circuit. At the point in time
shown in FIG. 2 within a time period T1 the switching ele-
ment S1 is closed, whilst the switching elements S2 and S3
are opened. The generator signal voltage U, is present at the
primary winding 22 of the first transformer 26, whilst the
connection of primary winding 24 of the second transformer
28 to the generator signal U, is interrupted. At the same time
switching element S4 is closed, causing the primary winding
24 of the second transformer 28 to be short-circuited and
allowing the energy stored in the previous scanning cycle to
be degraded. In a time period T2 immediately following the
time period T1 switching elements S1, S2 change their
respective state, so that the primary winding 24 of the second
transformer 28 is now connected with the generator signal
voltage U, via the now closed switching element S3 and the
opened switching element S4, and energy degradation in the
first transformer 26 can take place via the closed switching
element S2 and with switching element S1 open.

The secondary-side switching unit 40 comprises a first
switching group SG1 and a second switching group SG2,
wherein the switching elements of the first switching group
SG1 are found on the conductor sections of conductors L1, .2
and L3 between the connecting points of secondary windings
30, 31, 32 of the first transformer 26, and the switching
elements of the second switching group SG2 are found
between the connecting points of secondary windings 34, 35,
36 of the second transformer 28. The switching groups SG1
and SG2 are controlled synchronously with the switching
elements S1 to S4 such that in the first time period T1, in
which the generator signal voltage U_,_ is connected to the
first transformer 26, a first partial voltage U, induced in the
first transformer 26 is also transmitted via the opened switch-
ing elements of the first switching group SG1 to the conduc-
tors L1, .2 and L.3. At the same time the switching elements
of the second switching group SG2 are closed thereby per-
mitting energy degradation on the secondary side in the sec-
ond transformer 28 via its short-circuited windings 34, 35, 36.
Correspondingly the opened switching elements of switching
group SG2 permit transmission of the second partial voltage
U, induced in the second transformer 28 in time period T, into
grid system 4, whilst in windings 30, 31, 32 of first trans-
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former 26 a compensating current for energy degradation can
flow via the closed switching elements of the first switching
group SG1.

Due to the alternating sampling which takes place on the
primary side by means of the primary-side switching unit 20
in conjunction with the secondary-side switching unit 40
controlled synchronously thereto, two pulse sequences P1
and P2, time-shifted against each other by ahold time t,, ,, are
formed (see FIGS. 3 and 4). These pulse sequences P1 and P2
are then transmitted separately via the first and second trans-
formers 26, 28. Thus the low-frequency primary-side genera-
tor signal voltage Uy, is mapped time-discretely on the sec-
ondary side and may be reconstructed without errors by
means of suitable low-pass filtering taking the sampling theo-
rem into account. The desired low-frequency measuring-sig-
nal voltage U is then available in power supply network 4.

FIGS. 3 4 show the voltages over time of a sampled gen-
erator signal U';,, and illustrate its primary-side composition
from the summation of the two time-shifted pulse sequences
P1 and P2. Sampling of each pulse sequence is effected at
pulse frequency f_,, and hold time t,, ,, corresponds to half

ulse
the pulse duratiofl t,,s.=1/21, Due to the time-shift by

ulse ulse*
hold time t,,_,, the pfllse sequgnces P1, P2 alternately fill the
sampling gaps and ad up to give a sampled generator signal
U',, which is a step-like approximation of sine-shaped (FIG.
3) generator signal voltage U,,. In the case of a rectangular-
shaped (FIG. 4) generator signal voltage Uy, the superposi-
tion of pulse sequences P1, P2 leads to an almost exact rep-
lication of generator signal voltage Ugyr

The invention claim is:

1. A method for impressing a measuring-signal voltage on
a power supply network comprising the steps of:

providing a generator signal;

generating sampled values by alternately sampling the
generator signal by two sample-and-hold elements to
alternately produce a first pulse sequence and a second
pulse sequence; and

inductively transmitting the first and second pulse
sequences separately into the power supply network to
induce partial voltages, wherein a secondary-side mea-
suring-signal voltage is formed in the power supply net-
work by adding the induced partial voltages.

2. The method according to claim 1, in which sampling by
the sample-and-hold elements is performed using a pulse
frequency and in that the hold time corresponds to half a pulse
duration, respectively.

3. The method according to claim 1, in which the separate
inductive transmission of the first and second pulse sequences
continues periodically over two time periods, wherein in a
first time period coinciding with the hold time of the first
sample-and-hold elements,

a primary winding of a first transformer is modulated by a
rectangular pulse of the first pulse sequence thereby
inducing a first partial voltage across a secondary wind-
ing of the first transformer,

zero volts is applied to a primary winding and a secondary
winding of a second transformer, wherein the secondary
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winding is connected to the power supply network, and
wherein any energy stored in the primary and secondary
windings of the second transformer decays;
and in that in the second time period coinciding with the hold
time ofthe second sample-and-hold element and immediately
following the first time period,

a primary winding of the second transformer is modulated
by a rectangular pulse of the second pulse sequence,
thereby inducing a second partial voltage across the
secondary winding of the second transformer,

zero volts is applied to the primary winding and the sec-
ondary winding of the first transformer, wherein any
energy stored in the primary and secondary windings of
the first transformer decays.

4. The method according to claim 1, in which the generator
signal assumes any given signal over time including a DC-
voltage.

5. A device for impressing a measuring-signal voltage on a
power supply network comprising:

a signal generator for providing a generator signal;

a transmitting unit for inductively transmitting the genera-
tor signal into the power supply network, the transmit-
ting unit including a primary-side switching unit for
sampling the generator signal and for dividing the
samples into two pulse sequences time-shifted with
respect to each other, two series-connected transformers
for inductively transmitting the pulse sequences into the
power supply network, and a secondary-side switching
unit for adding the time-shifted, induced pulse
sequences together.

6. The device according to claim 5, in which the primary
side switching unit comprises two switching elements which
alternately connect the primary windings of the first and
second transformers to the signal generator and two further
switching elements which alternately short-circuit the respec-
tive windings.

7. The device according to claim 6, which the switching
elements of the switching units are implemented as semi-
conductor switching elements.

8. The device according to claim 5, in which the secondary
side switching unit comprises a first switching group, which
alternately connects the induced pulse sequences from one of
the transformers to the power supply network and short-
circuits secondary windings of the one transformer; and a
series-connected second switching group, which alternately
connects the induced pulse sequences of the other one of the
transformers to the power supply network and short-circuits
secondary windings of the other transformer.

9. The device according to claims 5, including a control
circuit for time control of the primary and secondary switch-
ing units.

10. The device according to claims 5, in which each of the
two transformers has a smaller core cross-section than a
single transformer generating the same secondary voltage for
a conventional low-frequency transmission with the aid of
transformers.
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